Quality status of sources of drinking water supply in Gombe metropolis was investigated and was found to have generally improved significantly within the last decade as a result of intervention of the State, Federal Government of Nigeria and international agencies such as the UNICEF/DFID. The study revealed that groundwater (borehole, hand pump well) is the largest source of drinking water in Gombe metropolis and only about 36% of the metropolis has direct access to treated drinking water. The quality status of the drinking water sources analysed revealed that in comparison with the USEPA reference standard, drinking water in Gombe metropolis is generally within acceptable limits. Sustainability and management of drinking water sources in the metropolis would depend on the improvement of sanitation status around public water supply, regular monitoring by responsible authorities to ensure safety of drinking water supply in Gombe Metropolis.
INTRODUCTION
Gombe is the metropolitan area of Gombe State, "Jewel in the savannah", Nigeria. The state was created on 1 st October, 1996 and comprises of eleven local government areas. Since its creation, the state was beset with inadequate public water supply especially within the metropolis, until 2006 when the water treatment plant was commissioned. The Dadinkowa dam is the primary source of water for the treatment plant, completed in 1984 and dams portions of River Gongola. The water treatment plant, completed in 2006, is about 3 km from the dam, and is designed to discharge about 2000 m 3 /h capacity of clean treated water, but only about 50% of this is met (Ejiogu 2010) .
Previously, drinking water sources in Gombe metropolis are mainly private owned boreholes and wells. Thus the larger populace purchase drinking water in the form of sachet water bags or water tanker supply. However, with the intervention of the State, Federal Government of Nigeria and international agencies such as United Nations Children Fund / Department for International Development (UNICEF/DFID) many boreholes have been dug in Gombe (DFID 2009) and public water supply improved. According to Limlim (2008) access to clean water and sanitation is generally improving, but at a slow pace. Available statistics indicate that access to basic sanitation and water supply in the country is still less than 50 percent. In view of the fact that adequate water supply is strongly linked to sanitation (Daley et al. 2004) , the global call for adequate access to water and sanitation is of crucial concern as more than 1.2 billion people in the world lack access to safe drinking water and 2.6 billion lack access to even basic sanitation (WHO/UNICEF 2000; Fragio 2005 ).
Lack of access to safe drinking water and adequate sanitation has been noted to be one of the world's greatest humanitarian, social and developmental challenges, capable of hampering global poverty alleviation and sustainable development (Daley et al. 2004) . Inadequate drinking water supply in Nigeria have been well documented (Fragio 2005; Jimoh and Wojuola 2009; Dada 2009 ). Available water sources are becoming depleted, aggravated by increased population growth, urbanization, climate change and existing un-sustainability factors and risks inherent to conventional urban water management, especially in developing countries (Khatri and Vairavamoorthy 2007) .
Again, there is the issue of waterborne or waterrelated diseases (including diarrhea, cholera, typhoid, malaria, hepatitis and more), which are linked to an estimated 80% of illnesses in developing countries (WHO/UNICEF 2000) .
Therefore the main objective of this paper is to examine the quality status of drinking water sources in Gombe metropolis. It also attempts to support the nation-wide survey exercise which brought into focus a number of hindrances to proper management of water supply quality in Nigeria. These hindrances include lack of quality control and assurance, inadequate funding, poorly equipped or not functional laboratories, little or no attention placed on capacity building, lack of provision for compliance monitoring of recommended standards, poor state of record keeping and a total absence of a water quality data bank (Habila and Kehinde, 2003) . 
MATERIALS AND METHODS

Study
Drinking water samples:
For this work drinking water samples refer to water intended primarily for human consumption but which has other domestic and industrial uses. Sampling was conducted on three major sources of drinking water. These include tap water (municipal water supply), ground water (hand pumps/boreholes; well) and sachet (packaged water) samples. Thirty sampling locations from six different clusters and four prominent sachet water producers were maintained for this work. All samples were collected in sterile plastic bottles according to standard methods (Radojevic and Bashkin 2006) . Sampling was carried out in JulyAugust 2008 and March-April 2009.
Experimental methods:
Drinking water samples were prepared for physicochemical determinations according to standard procedures described by Ademoroti (1996) and Radojevic and Bashkin (2006) .
Temperature and pH measurements were conducted on-site with portable meters at approximately 25 o C using model 3310 pH meter (Jenway Ltd, Dunmow, UK). The pH meter and electrode was calibrated with buffer solutions of pH 7 and 4 for pH determinations. Conductivity measurements were carried out using model 4150 conductivity meter (Jenway Ltd, Dunmow, UK). This was calibrated with standard potassium chloride solution and results presented in µS cm -1 . Hardness of drinking water samples were determined using direct complaxation titration with ethylene-diammine-tetra-acetic acid, EDTA (0.01M). This was standardized against standard calcium solution. 100ml of water sample was measured, 1 ml of buffer was added proportionally with Eriochrom Black-T indicator and then titrated with the EDTA solution slowly from a microburette. The change from red colour to blue coloured showed the end point.
Chloride ions were determined using titrimetric method. Drinking water samples, 50 ml each, was placed in a 100 ml conical flask and made up to the mark with distilled water, 0.1 ml of K 2 CrO 4 was added and titrated against 0.0282M AgNO 3 .
The standard calibration method of Flame atomic absorption spectrometry (FAAS) was used to determine Fe, Mg, Zn, Cd, Pb in the water samples, using AA-6800 (Shimadzu, Japan) equipped with ASC-6100 auto sampler and airacetylene atomization gas mixture.
Total coliform bacteria were determined in the drinking water samples using the multiple tube fermentation tests and the calculated coliform density computed by the Most Probable Number (MPN) procedures (APHA, 1998). All measurements of parameters at each sampling stations were made in triplicates.
Results obtained were statistically analyzed using Analyse-it® v.2.20, statistical software for Microsoft Excel. Variations were considered significant at p<0.05.
RESULTS AND DISCUSSION
Assessment result of drinking water sources revealed that Gombe metropolis depends on ground water (hand pump well; boreholes), tap water (municipal water supply) and sachet water (packaged water). The result (Table 1) shows that about 64% of the total samples analysed in this work are ground water. Based on the sampling clusters used, this indicates the approximate percentage of dependence of the populace on the various sources of drinking water in the metropolis. Therefore, it also shows that since the completion of the municipal water supply system in 2006, about 36% of the metropolis now has direct access to treated drinking water. This level and rate of improvement is significantly positive in relation to the number of interventions over the years (DFID 2009 (Dada 2009; Ndukwe and Orisakwe 2007) . The concerns for drinking water pH are mainly the corrosion of distribution system which may eventually poses health hazards.
Sources of drinking water in this region are generally known to be hard due to scaling observed in pipes, household wares and difficulties associated with leather formation during washing. This is however, confirmed by the result of this work which shows that only 17% of the total samples analysed were within the standard limits. Water hardness is usually caused by divalent cations such as Ca 2+ and Mg 2+ (Gray 2008) and is associated with limestone catchment areas. Gombe metropolis and environs is known for several mineral deposits including limestone within the Northeastern region of Nigeria. This perhaps accounts for the high values of water hardness recorded in this work. However, the correlation plot (Fig. 1) shows that Mg is not strongly associated with the general hardness of water observed. , however in this work the MCL value of 180 µS cm -1 is related to natural spring water. The results of this work revealed that only 7% of total sample analysed were within the MCL. Though a maximum conductance value of 1231.1 µS cm -1 was recorded in this work, but an overall 53% of total sample were above 500 µS cm -1 . This shows that a greater percentage of drinking water in Gombe metropolis is highly mineralized. Conductivity is closely related to salinity and ions that have a major influence on the conductance value of drinking water are H + , Na The result of chloride concentration in drinking water sample analysed show that up to 90% of total sample were within the MCL, the remain 10% were actually recorded from treated water samples. The maximum chloride value recorded was about 277mg/L which is not significantly higher than the MCL. Chloride in drinking water also has significance from public health perspective as it is applied in disinfection of public water supply. The result also indicates an appreciably good treatment practice at the treatment plant.
Results of elemental content of drinking water samples analysed in this work show that Cd was not detected in water because it is rarely found in water (Mohan et al 1996) , while the other elements were within the MCL. Generally the concentration range of the elements was not uniformly distributed.
Fig. 1. Correlation plot of Hardness and Mg content
However, Pb was detected at concentrations beyond the MCL at two different locations. Usually Pb pollution results from automobile emission, industrial effects, others agricultural activities which is toxic and can cause brain damages, and also destroy the kidney (Zaslow and Herman 1996; Parks and Edwards 2002) . The River Gongola, which is another source of drinking water that runs across this area has been analysed and recommended not safe for consumption due to heavy metal and microbial contamination (Sabo et al. 2008) . It was however observed that some of the drinking water sources in the metropolis where metal storage facilities were the sources of Pb pollutants detected in the water samples.
Microbial assessment of drinking water is a good indicator of potential waterborne diseases (Plummer and Long 2007) . In this work, over 80% of total samples analysed were above the MCL for microbial content. The public health goal for this is zero. Though most packaged water apparently was of good quality, but some are contaminated. Therefore packaged water in sachets is not to be automatically assumed safe; they are likely to be compromised significantly on transit from manufacturer to the consumer (Dada 2009 ). Open waste sites, poor sanitation and landfill leachates around drinking water sources due to human habitation.
Results of drinking water quality status reported in this work generally correspond with values reported in other parts of Nigeria (Adekunle et al. 2007; Dada 2009 ). It was also observed that some of the likely sources of contaminants in drinking water sources in Gombe metropolis include metal storage facility, sanitation conditions of Private Dam of water seller, public hand pump borehole and public municipal water supply as shown in Fig. 3 .
As population growth and urbanization continues to affect drinking water sustainability and management (Zekster and Aswathanarayana 1998; Herbst 2008) , in Gombe metropolis, however, the improvement of drinking water quality and supply is necessary and would entail piped supply into dwelling or plot and improved sanitation status of surroundings as well. This would considerably improve on the quality drinking water as against unprotected source of drinking water supply system which poses health hazard. 
CONCLUSION
(1) The study indicated that groundwater (borehole, hand pump well) is the largest source of drinking water in Gombe metropolis and only about 36% of the metropolis has direct access to treated drinking water. Drinking water supply has generally improved significantly within the last decade as a result of intervention of the State, Federal Government of Nigeria and international agencies such as the UNICEF/DFID.
(2) Quality status of the drinking water sources analysed revealed that in comparison with the USEPA reference standard, drinking water in Gombe metropolis is generally within acceptable limits.
(3) Sustainability and management of drinking water sources in the metropolis would depend on the improvement of sanitation status around public water supply, regular monitoring by responsible authorities to ensure safety of drinking water supply in Gombe Metropolis. 
